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(57) ABSTRACT

Provided is a power factor correction circuit correcting a
power factor of AC voltage. The power factor correction
circuit includes: a rectifying unit stopping rectitying the AC
voltage in a transient state and generating an rectified voltage
by rectifying the AC voltage in a steady state; a power factor
correction unit generating a power-factor-corrected voltage
by correcting the rectified voltage; a smoothing unit generat-
ing a smoothed voltage by smoothing the power-factor-cor-
rected voltage; and an inrush current limiting unit providing a
limited current by limiting an inrush current generated by the
AC voltage in the transient state and stopping providing a
current to the smoothing unit.
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Fig. 3
S101— GENERATE AC VOLTAGE
Y
$103— LIMIT INRUSH CURRENT ACCORDING TO
i TEMPERATURE IN CIRCUIT
S105—" REMOVE AC NOISE
S107 — RECTIFY AC VOLTAGE
)
$109~—{CORRECT RECTIFIED VOLTAGE POWER FACTOR
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
S111—{ SMOOTH POWER-FACTOR-CORRECTED VOLTAGE




US 9,337,721 B2

Sheet 4 of 9

May 10, 2016

U.S. Patent

062

[

IN3EEND HSUN! |04

LINO ONTLERIT

1IN NO1LVEINTD
TNSIS TOWINGD

J

| LI 10 LI 1IN

MILEINOD L% N0 193600 i || C owiiwn| |, MM
ABLLVE 50/9 ONIHL00NS || HoLov o\ A1 103u]™ wmwmmmm 1IN %mﬁzww
WO HSNHN WL
T 7 T ]

\ ) \ \ \ \ \ \
082 022 002 062 vz 087 022 E
002

p cbTa




US 9,337,721 B2

Sheet 5 of 9

May 10, 2016

U.S. Patent

260

250

240

i
3

| HNRUSH CURRENT

290

CONTAOL SIGNAL
GENERATION UNIT FOR

INRUSH CURRENT
LIRITING UNIT




U.S. Patent

Fig. 6

May 10, 2016

Sheet 6 of 9

201~

GENERATE AC VOLTAGE

S203

CORRECTION

POWER FACTOR

TRANSIENT STATE?

CIRCUIT N

US 9,337,721 B2

NO

520¢
{
]

S2056 —1

TURN OFF SWITCH |

N INRUSH CURRENT

LIMITING UNIT

¥

$207

LIMIT INRUSH CURRENT ACCORDING

TO TEMPERATURE

IN POWER FACTOR

CORRECT{ON CIRCUIT

¥

5211

REMOVE AC NOISE

TURN ON SWITCH IN
INRUSH CURRENT
LIMITING UNIT

et

i

s213—

RECTIFY AC VOLTAGE

/

S215~

GORRECT RECTIFIED VOLTAGE POWER

_FAcTOR

i

S217—"

SMCOTH POWER-FACTOR-CORRECTED
VOLTAGE




US 9,337,721 B2

Sheet 7 of 9

May 10, 2016

U.S. Patent

e O@@

0ze
[ ,
LN
1ing NO V3N
ON I LI
WMOIS
e
HSORNI TOHINGY
1D
7
¥ ¥
I
LN LN
Y3LHINGD 1IN NG| 1036400 LN
LIV ML Nl | oNIAoR =] ot v
20/50 ON IHLO0KS %5& N A1 || A 1= MO
90
! i | 7 T
) | \ ,._ \ ) )
08t 0L€ 00g 0Ge obe 0ce 0ie
008

L

"bTd



US 9,337,721 B2

Sheet 8 of 9

May 10, 2016

U.S. Patent

8

Fig.

Gate

T

A




U.S. Patent May 10, 2016 Sheet 9 of 9 US 9,337,721 B2

301~ GENERATE AC VOLTAGE

POWER ~AGTOR
CORRECTION CIRCUIT iN
TRANSIENT STATE?

YES STOP PROVIDING
CURRENT TO {NRUSH 5307
S305—— ALLOW CURRENT TO FLOW INTO CURRENT LIMITING
INRUSH CURRENT LIMITING UNIT UNIT

[

| REMOVE AC NOISE |~-—5309

{RECTIFY AC VOLTAGE |-~—S311

|

8313—  CORRECT POMER FACTCR |

3315 —{ SMOOTH POWER-FACTOR-GORRECTED
YOLTAGE




US 9,337,721 B2

1
CORRECTION CIRCUIT LIMITING INRUSH
CURRENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

Pursuant to 35 U.S.C. §119(a), this application claims the
benefit of earlier filing date and right of priority to Korean
Application No. 10-2013-0104934, filed on Sep. 2, 2013, the
contents of which is incorporated by reference herein in its
entirety.

BACKGROUND

The present disclosure relates to a power factor correction
circuit protecting circuit devices by limiting inrush current
occurring at the initial state of AC power connection.

Since the phases of voltage and current are not necessarily
equal to each other in an AC circuit, all the products thereof
are not becoming actual power to be used. A ratio of the
product of voltage and current and active power, i.e., actual
power to be used, is referred to as a power factor. If the power
factor is small, since that much of transmission power loss
occurs, a power factor correction circuit for preventing the
loss is widely used for various electronic devices. Addition-
ally, the installation of such a power factor correction circuit
becomes mandatory in some countries.

A charging device for charging a battery of an electric
vehicle requires a power factor correction circuit. At the ini-
tial charging of a battery, since a capacitor of a smoothing unit
in a power factor correction circuit is not charged yet, inrush
current occurs. The inrush current refers to a flowing current
higher than normal current when power is applied to a distri-
bution line or an electronic device. In relation to the inrush
current, as soon as power is on, current corresponding to
several times or several ten times normal current flows and
decreases gradually and then, disappears when a steady state
is reached. If such an inrush current flows as it is, current
higher than the maximum allowable current of devices in a
circuit flows. As result, malfunction and failure may occur.
Accordingly, a device for limiting inrush current is required.

SUMMARY

Embodiments provide a power factor correction circuit for
protecting devices in a circuit from an inrush current occur-
ring at the initial state of applying AC voltage when a power
factor correction circuit such as an electric vehicle charging
device is used.

In one embodiment, a power factor correction circuit cor-
recting a power factor of AC voltage includes: a rectifying
unit stopping rectifying the AC voltage in a transient state and
generating an rectified voltage by rectifying the AC voltage in
a steady state; a power factor correction unit generating a
power-factor-corrected voltage by correcting the rectified
voltage; a smoothing unit generating a smoothed voltage by
smoothing the power-factor-corrected voltage; and an inrush
current limiting unit providing a limited current by limiting an
inrush current generated by the AC voltage in the transient
state and stopping providing a current to the smoothing unit.

In another embodiment, a power factor correction circuit
includes: a plurality of bridge diodes; a power factor correc-
tion unit having an input terminal connected to an output
terminal of the plurality of bridge diodes; a smoothing capaci-
tor having one end connected to an output terminal of the
power factor correction unit; a switch having one end to
which AC voltage is applied; a diode having one end con-
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nected to the other end ofthe switch; a resistor having one end
connected to the other end of the diode; and a current control
signal generation unit turning on the switch in a transient state
and preventing a current from flowing into two upper bridge
diodes among the plurality of bridge diodes to allow the
resistor to provide a limited size of current to the smoothing
capacitor.

In further another embodiment, a method of operating a
power factor correction circuit correcting a power factor of
AC voltage includes: determining whether the power factor
correction circuit is in a transient state; limiting a inrush
current generated by the AC voltage when the power factor
correction circuit in the transient state; generating a rectified
voltage by rectifying the AC voltage when the power factor
correction circuit is in a steady state; generating a power-
factor-corrected voltage by power-factor-correcting the rec-
tified voltage; and generating a smoothed voltage by smooth-
ing the power-factor-corrected voltage.

The details of one or more embodiments are set forth in the
accompanying drawings and the description below. Other
features will be apparent from the description and drawings,
and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating a power factor cor-
rection circuit according to an embodiment of the present
invention.

FIG. 2 is a circuit diagram illustrating a power factor cor-
rection circuit according to an embodiment of the present
invention.

FIG. 3 is a flowchart illustrating operations of a power
factor correction circuit according to an embodiment of the
present invention.

FIG. 4 is a block diagram illustrating a power factor cor-
rection circuit according to another embodiment of the
present invention.

FIG. 5 is a circuit diagram illustrating a power factor cor-
rection circuit according to another embodiment of the
present invention.

FIG. 6 is a flowchart illustrating operations of a power
factor correction circuit according to another embodiment of
the present invention.

FIG. 7 is a block diagram illustrating a power factor cor-
rection circuit according to another embodiment of the
present invention.

FIG. 8 is a circuit diagram illustrating a power factor cor-
rection circuit according to another embodiment of the
present invention.

FIG. 9 is a flowchart illustrating operations of a power
factor correction circuit according to another embodiment of
the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Hereinafter, embodiments of the present invention will be
described in more detail with reference to the accompanying
drawings, in order to allow those skilled in the art to easily
realize the present invention. The present invention may be
realized in different forms, and is not limited to the embodi-
ments described herein. Moreover, detailed descriptions
related to well-known functions or configurations will be
ruled out in order not to unnecessarily obscure subject matters
of'the present invention. Like reference numerals refer to like
elements throughout.
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Moreover, throughout the specification, the meaning of
“include”, “comprise”, “including”, or “comprising” speci-
fies a property, a region, a fixed number, a step, a process, an
element and/or a component but does not exclude other prop-
erties, regions, fixed numbers, steps, processes, elements and/
or components.

Hereinafter, a power factor correction circuit according to
an embodiment of the present invention will be described
with reference to FIGS. 1 to 3.

FIG. 1 is a block diagram illustrating a power factor cor-
rection circuit according to an embodiment of the present
invention.

Referring to FIG. 1, the power factor correction circuit 100
includes an AC voltage generation unit 110, an inrush current
limiting unit 120, an AC noise removing unit 130, a rectifying
unit 140, a power factor correction unit 150, a smoothing unit
160, a DC/DC converter 170, and a battery 180.

The power factor correction unit 150 corrects a power
factor.

The DC/DC converter 170 converts smoothed voltage into
a size of voltage required for charging.

The battery 180 is charged by the converted voltage.

Other components of the power factor correction circuit
100 will be described in more detail with reference to FIG. 2.

FIG. 2 is a circuit diagram illustrating a power factor cor-
rection circuit according to an embodiment of the present
invention.

The AC voltage generation unit 110 generates AC voltage.

The inrush current limiting unit 120 includes a Negative
Temperature Coefficient (NTC) thermistor Rnl. The NTC
thermistor Rn1 has one end at which an AC voltage generated
at one end of the AC voltage generation unit 110 is applied.

The NTC thermistor Rnl refers to a thermistor having a
negative temperature coefficient and a continuously changing
electrical resistance. When inrush current occurs when AC
voltage is supplied to a circuit first, since a temperature is low
in the circuit, the NTC thermistor Rnl has a high resistance
value. Accordingly, due to the resistance value of the NTC
thermistor Rnl, since the size of an internal resistance in the
circuit increases, the size of inrush current is reduced accord-
ing to the Ohm’s law (i.e., V=IR(V: voltage I: current R:
resistance)). Through this, devices in the circuit may be pro-
tected from inrush current. Additionally, when the circuit
enters a steady state, since a temperature in the circuit
increases, the NTC thermistor Rn1 has a very small resistance
value. Therefore, the size of an equivalent resistance in the
circuit has no significant difference compared to the case that
the NTC thermistor Rn1 is not connected, so that the inrush
current limiting unit 120 less affects original functions of a
power factor correction circuit in a steady state. The steady
state refers to a stable state reached ultimately after a transient
response disappears.

The AC noise removing unit 130 includes a capacitor C11.
One end of the capacitor C11 is connected to the other end of
the NTC thermistor Rnl and the other one of the capacitor
C11 is connected to the other end of the AC voltage genera-
tionunit 110. The AC voltage generation unit 130 removes the
noise of AC voltage.

The rectifying unit 140 may include a plurality of diodes.
As shown in FIG. 2, the rectifying unit 140 includes four
diodes. The four diodes are bridge-connected. The bottom left
diode D13 among the bridge-connected four diodes has one
end connected to the other end of the capacitor C11 of the AC
noise removing unit 130 and the other end grounded. The
bottom right diode D14 among the bridge-connected four
diodes has one end connected to one end of the capacitor C11
of the AC noise removing unit 130 and the other end
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4

grounded. The top left diode D11 among the bridge-con-
nected four diodes has one end connected to the other end of
the capacitor C11 of the AC noise removing unit 130 and the
other end connected to one end of the bottom left diode D13.
The top right diode D12 among the bridge-connected four
diodes has one end connected to the other end of the top diode
D11 and the other end connected to one end of the bottom
right diode D14. The rectifying unit 140 rectifies an AC
voltage having noise removed to have the same polarity and
outputs it.

The power factor correction unit 150 includes an inductor
L1,aMOSFET switch SW1, and a diode D15. One end ofthe
inductor L1 is connected to one end of the top right diode D12
in the rectifying unit 140. One end of the MOSFET switch
SW1 is connected to the other end of the inductor L1 and the
other end of the MOSFET switch SW1 is grounded. One end
ofthe diode D15 is connected to the other end of the inductor
L1. The power factor correction unit 150 generates a power-
factor-corrected voltage by power-factor-correcting the rec-
tified voltage. The power factor correction unit 150 may be
specifically a booster converter. The booster converter per-
forms switching repeatedly to maintain the size of a rectified
voltage to be constant and make the phases of current and
voltage identical. That is, the flow of current is adjusted
through a method of allowing current to flow for a predeter-
mined time and then stop for a predetermined time. Through
such an operation for making the phase of voltage identical to
the phase of current, a power factor is corrected.

The smoothing unit 160 includes one capacitor C12. Espe-
cially, the capacitor C12 may be an electrolytic condenser.
One end of the capacitor C12 is connected to the other end of
the diode D15 and the other end of the capacitor C12 is
grounded. According to an embodiment of the present inven-
tion, the smoothing unit 160 may include a plurality of
capacitors. One end of each of the plurality of capacitors is
connected to the other end of the diode D15 and the other end
of'each ofthe plurality of capacitors is grounded. The smooth-
ing unit 160 generates DC voltage by removing a ripple from
the power-factor-corrected voltage. That is, the smoothing
unit 160 smoothes the power-factor-corrected voltage.

In such an embodiment, if a temperature of an NTC ther-
mistor increases, the NTC thermistor has a small resistance
value. However, since a resistance value of an NTC ther-
mistor does not disappear completely, power loss not relating
to power factor correction occurs, so that the efficiency of the
power factor correction circuit is reduced.

FIG. 3 is a flowchart illustrating operations of a power
factor correction circuit according to an embodiment of the
present invention.

The AC voltage generation unit 110 generates AC voltage
in operation S101.

The inrush current limiting unit 120 limits inrush current
according to a temperature of the NTC thermistor Rnl in
operation S103. A resistance value of the NTC thermistor
Rn1 varies according to a temperature. Accordingly, inrush is
limited at a low temperature when a resistance value of the
NTC thermistor Rn1 is high and also is limited due to a low
temperature at the initial time of applying AC voltage.

The AC noise removing unit 130 removes the noise of AC
voltage in operation S105.

The rectifying unit 140 rectifies an AC voltage having noise
removed to generate the rectified voltage in operation S107.

The power factor correction unit 150 generates a power-
factor-corrected voltage by power-factor-correcting the rec-
tified voltage in operation S109.

The smoothing unit 160 smoothes the power-factor-cor-
rected voltage in operation S111.
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Hereinafter, a power factor correction circuit according to
another embodiment of the present invention will be
described with reference to FIGS. 4 to 6.

FIG. 4 is a block diagram illustrating a power factor cor-
rection circuit according to another embodiment of the
present invention.

The power factor correction circuit 200 includes an AC
voltage generation unit 210, an inrush current limiting unit
220, an AC noise removing unit 230, a rectifying unit 240, a
power factor correction unit 250, a smoothing unit 260, a
DC/DC converter 270, a battery 280, and a control signal
generation unit for inrush current limiting unit 290. Except
that the power factor correction circuit 200 includes the con-
trol signal generation unit for inrush current limiting unit 290,
other components are identical to those of FIG. 1.

The control signal generation unit for inrush current limit-
ing unit 290 generates a control signal and controls a switch in
the inrush current limiting unit 220.

Other components of the power factor correction circuit
200 will be described in more detail with reference to FIG. 5.

FIG. 5 is a circuit diagram illustrating a power factor cor-
rection circuit according to another embodiment of the
present invention.

Except for the circuit of the inflow current limiting unit
220, the circuit diagram of FIG. 5 is identical to the circuit
diagram of FIG. 2 and as described with reference to FIG. 4,
the circuit diagram of FIG. 5 further includes the control
signal generation unit for inrush current limiting unit 290.

In the embodiment of FIG. 5, the inrush current limiting
unit 220 includes a relay switch SWR and a NTC thermistor
Rnl. The NTC thermistor Rnl has one end to which AC
voltage is applied and the other end connected to one end of
the capacitor C11 of the AC noise removing unit 230. The
relay switch SWR has one end to which AC voltage is applied
and the other end connected to one end of the capacitor C11
of the AC noise removing unit 230.

The relay switch SWR is controlled by a control signal for
inrush current limiting unit. When inrush current flows at the
initial time of applying AC voltage, the control signal genera-
tion unit for inrush current limiting unit 290 turns off the relay
switch SWR to limit inrush current. When the circuit reaches
a steady state, since inrush current is not likely to occur, the
control signal generation unit for inrush current limiting unit
290 turns on the relay switch SWR to prevent a current from
flowing into a NTC thermistor. At this point, whether a power
factor correction circuit reaches a steady state is determined
according to whether a predetermined reference time elapses.
In the case of the power factor correction circuit 200, since a
steady state is usually reached within seconds, the reference
time may be set to a time of 2 sec to 3 sec.

According to the embodiment of FIG. 5, under the ideal
situation that the relay switch SWR has no resistance value,
unlike the embodiment of FIG. 2, when a circuit does not
enter a steady state, no current flows into the NTC thermistor
Rnl. As a result, power loss does not occur. However, in an
actual circuit including the relay switch SWR having a self
resistance component, even if the relay switch SWR is turned
on, some current flows into the NTC thermistor Rnl. As a
result, power loss occurs. In order to completely prevent such
power loss, one relay switch is connected to one end of the
NTC thermistor Rnl. Then, the relay switch is turned on
when inrush current flows into a circuit and is turned off when
the circuit enters a steady state. However, if the relay switch is
added as described above, additional cost is required and the
volume of the circuit is increased. Moreover, since the switch
SWR requires a mechanical contact point, its lifetime is lim-
ited. Also, when the relay switch SWR operates at a high
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temperature environment such as a power converter, the reli-
ability in operation and lifetime is low.

FIG. 6 is a flowchart illustrating operations of a power
factor correction circuit according to another embodiment of
the present invention.

The AC voltage generation unit 210 generates AC voltage
in operation S201.

The control signal generation unit for inrush current limit-
ing unit 290 determines whether the power factor correction
circuit 200 is in a transient state in operation S203. The
transient state refers to a state prior to entering a steady state,
i.e., a state in which a circuit shows a transient response.

If the power factor correction circuit 200 is in a transient
state, the control signal generation unit for inrush current
limiting unit 290 generates a control signal to turn off a switch
in the inrush current limiting unit 220 in operation S205.

Ifthe switch in the inrush current limiting unit 220 is turned
on, the inrush current limiting unit 220 limits inrush current
according to a temperature in a circuit in operation S207.

Ifthe power factor correction circuit 200 is in a steady state,
the control signal generation unit for inrush current limiting
unit 290 generates a control signal to turn off a switch in the
inrush current limiting unit 220 in operation S209.

The AC noise removing unit 230 removes the noise of AC
voltage in operation S211.

The rectifying unit 240 rectifies an AC voltage having noise
removed to generate the rectified voltage in operation S213.

The power factor correction unit 250 generates a power-
factor-corrected voltage by power-factor-correcting the rec-
tified voltage in operation S215.

The smoothing unit 260 smoothes the power-factor-cor-
rected voltage in operation S217.

Hereinafter, a power factor correction circuit and design
method according to another embodiment of the present
invention will be described with reference to FIGS. 7t0 9.

FIG. 7 is a block diagram illustrating a power factor cor-
rection circuit according to another embodiment of the
present invention.

The power factor correction circuit 300 includes an AC
voltage generation unit 310, an inrush current limiting unit
320, an AC noise removing unit 330, a rectifying unit 340, a
power factor correction unit 350, a smoothing unit 360, a
DC/DC converter 370, a battery 380, and a current control
signal generation unit 390.

The inrush current limiting unit 320 limits an inrush cur-
rent generated by AC voltage in a transient state and provides
the limited inrush current to the smoothing unit 360, and then,
stops providing the current in a steady state.

The rectifying unit 340 stops rectifying AC voltage in a
transient state, and rectifies AC voltage in a steady state to
generate the rectified voltage.

The current control signal generation unit 390 generates a
signal for controlling the inflow current limiting unit 320 and
the rectifying unit 340.

Other components of the power factor correction circuit
300 will be described in more detail with reference to FIG. 8.

FIG. 8 is a circuit diagram illustrating a power factor cor-
rection circuit according to another embodiment of the
present invention.

The AC voltage generation unit 310 generates AC voltage.

The inrush current limiting unit 320 includes a diode, a
switch, and a resistor. The diode has one end to which AC
voltage is applied. The switch is connected to the other end of
the diode. The resistor R is connected to the other end of the
switch.

Especially, the diode and the switch may be replaced with
a silicon controlled rectifier (SCR) SD31 including functions
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of the diode and the switch. If the diode and the switch are
replaced with the SCR SD31, the size of a device required for
a circuit is reduced, so that the circuit may be miniaturized.
Additionally, since the SCR SD31 guarantees a longer life-
time than a general switch, the lifetime of the circuit may be
extended. Moreover, since the prices of the diode and the SCR
SD31 have almost no difference, circuit manufacturing costs
may be further reduced than using an additional switch.

When a circuit is in a transient state, that is, when the SCR
SD31 is turned on, inrush current flows into the inrush current
limiting unit 320. Since there is the resistor R in the inrush
current limiting unit 320, compared to when the SCR SD31 is
turned off, a total internal resistance value is increased in a
power factor correction circuit. Accordingly, since the size of
an internal resistance is increased, the size of current is
reduced according to the Ohm’s law (i.e., V=IR(V: voltage I:
current R: resistance)), so that inrush current is limited.

When a circuit is in a steady state, that is, when the SCR
SD31 is turned off, inrush current does not flow into the
inrush current limiting unit 320. Accordingly, unlike the
embodiments shown in FIGS. 1 to 6, power loss due to the
inrush current limiting unit 320 in a steady state does not
occur. Additionally, according to this embodiment, while a
circuit operates in a steady state and then overcurrent flows
due to an external factor, the SCR SD31 may be turned off
again to protect the circuit.

The AC noise removing unit 330 includes a capacitor C31.
An AC voltage generated at one end of the AC voltage gen-
eration unit 310 is applied to one end of the capacitor C31 and
the other end of the capacitor C31 is connected to the other
end of the AC voltage generation unit 310. The AC noise
removing unit 330 removes the noise of AC voltage.

The rectifying unit 340 may include a plurality of diodes
and a plurality of switches. According to the embodiment of
FIG. 7, the rectifying unit 140 includes four diodes and two
switches. A plurality of switches and a plurality of upper
diodes connected to one end of the plurality of switches may
be replaced with SCRs.

When an SCR is used instead of a switch and a diode, as
mentioned above, a circuit may be miniaturized further than
using the switch and the diode and may guarantee a relatively
longer lifetime. Moreover, since the prices of the diode and
the SCR have almost no difference, circuit manufacturing
costs may be further reduced than using an additional switch.

The two diodes D33 and D34 and the two SCRs SD32 and
SD33 are bridge-connected. The left diode D33 among the
two diodes has one end connected to one end of the capacitor
C31 of the AC noise removing unit 330 and the other end
grounded. The right diode D34 among the two diodes has one
end connected to the other end of the capacitor C31 of the AC
noise removing unit 330 and the other end grounded. The left
SCR SD32 among the two SCRs has one end connected to the
other end of the resistor R of the inrush current limiting unit
320 and the other end connected to one end of the left diode
D33. The right SCR SD33 among the two SCRs has one end
connected to the other end of the resistor R of the inrush
current limiting unit 320 and the other end connected to one
end of the right diode D34.

In a transient state, that is, when the two SCRs SD32 and
SD33 are turned off, current does not flow into the rectifying
unit 340 and directly flows from the inrush current limiting
unit 320 to the power factor correction unit 350. When the two
SCRs SD32 and SD33 are turned on, current flows into the
rectifying unit 340.

The rectifying unit 340 rectifies an AC voltage having noise
removed to have the same polarity to generate the rectified
voltage.
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The power factor correction unit 350 includes an inductor
L3,a MOSTET switch SW3, and a diode D35. One end of the
inductor L3 is connected to one end of the right SCR of the
rectifying unit 340. One end of the MOSFET switch SW3 is
connected to the other end of the inductor L3 and the other
end of the MOSFET switch SW3 is grounded. One end ofthe
diode D35 is connected to the other end of the inductor L3.
The power factor correction unit 350 may be specifically a
booster converter. The booster converter performs switching
repeatedly to maintain the size of a rectified voltage to be
constant and make the phases of current and voltage identical.
That is, the flow of current is adjusted through a method of
allowing current to flow for a predetermined time and then
stop for a predetermined time. Through such an operation for
making the phase of voltage identical to the phase of current,
a power factor is corrected.

The smoothing unit 360 includes one capacitor C32. Espe-
cially, the capacitor C32 may be an electrolytic condenser.
One end of the capacitor C32 is connected to the other end of
the diode D35 and the other end of the capacitor C12 is
grounded. According to an embodiment of the present inven-
tion, the smoothing unit 360 may include a plurality of
capacitors. One end of each of the plurality of capacitors is
connected to the other end of the diode D35 and the other end
of'each ofthe plurality of capacitors is grounded. The smooth-
ing unit 360 generates DC voltage by removing a ripple from
the power-factor-corrected voltage.

FIG. 9 is a flowchart illustrating operations of a power
factor correction circuit according to another embodiment of
the present invention.

The AC voltage generation unit 310 generates AC voltage
in operation S301.

The current control signal generation unit 390 determines
whether the power factor correction circuit 300 is in a tran-
sient state in operation S303. When the power factor correc-
tion circuit 300 reaches a steady state, inrush current may not
occur.

Especially, a steady state may be determined according to
an elapsed time after AC voltage is applied like the embodi-
ment of FIG. 6. Since the power factor correction circuit 300
reaches a steady state within seconds after AC voltage is
applied, the reference time of a steady state may be set to a
time of 2 sec to 3 sec. If the steady state is determined through
such a method, it may not be determined precisely.

In order to precisely determine whether a power factor
correction circuit is in a steady state, whether the power factor
correction circuit is in a steady state may be determined based
on a voltage value applied to one end of the capacitor C32 in
the smoothing unit 360. Especially, whether the power factor
correction circuit is in a steady state may be determined based
on whether a voltage value applied to one end of the capacitor
C32 charged with electronic charges is equal to or greater
than a reference voltage. When a predetermined amount of
electric charges are charged in the capacitor C32, inrush
current does not occur. The reference voltage may be several
times the root mean square (RMS) of an AC voltage that the
AC voltage generation unit 310 generates.

If the power factor correction circuit 300 is in a transient
state, the current control signal generation unit 390 generates
a control signal to allow current into the inrush current lim-
iting unit 320 in operation S305. That is, the current control
signal generation unit 390 generates a control signal to turn on
a switch in the inrush current limiting unit 320 and turn off a
switch in the rectifying unit 340. Since the inrush current
limiting unit 320 is connected, inrush current flows into the
inrush current limiting unit 320 and is limited.
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If'the power factor correction circuit 300 is in a steady state,
the current control signal generation unit 390 stops the cur-
rent flowing into the inrush current limiting unit 320 in opera-
tion S307. That is, the current control signal generation unit
390 generates a control signal to turn off a switch in the inrush
current limiting unit 320 and turn on a switch in the rectifying
unit 340.

When the power factor correction circuit 300 is in a steady
state, the AC noise removing unit 330 removes the noise of
AC voltage in operation S309.

If the power factor circuit 300 is in a steady state, the
rectifying unit 340 rectifies an AC voltage having noise
removed to generate the rectified voltage in operation S311.

The power factor correction unit 350 generates a power-
factor-corrected voltage in operation S313.

The smoothing unit 360 smoothes the power-factor-cor-
rected voltage in operation S315.

The features, structures, and effects described above are
included in at least one embodiment of the present invention
and are not necessarily limited to one embodiment. Further-
more, the features, structures, and effects described in each
embodiment may be combined or modified for another
embodiment by those skilled in the art. Accordingly, it should
be understood that contents relating to such a combination
and modification are included in the scope of the present
invention.

Although embodiments have been described with refer-
ence to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modifi-
cations are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

What is claimed is:

1. A power factor correction circuit correcting a power
factor of AC voltage, comprising:

an AC noise removing unit for removing a noise of AC
voltage,

a rectifying unit rectifying the AC voltage having noise
removed to have the same polarity;

a power factor correction unit generating a power-factor-
corrected voltage by correcting the rectified voltage;

a smoothing unit generating a smoothed voltage by
smoothing the power-factor-corrected voltage;

an inrush current limiting unit providing a limited current
by limiting an inrush current generated by the AC volt-
age in a transient state and stopping providing a current
to the smoothing unit;

a current control signal generation unit for generating a
current control signal for controlling the rectifying unit
and the inrush current limiting unit;

wherein the current control signal generation unit controls
a current flow to the inrush current limiting unit accord-
ing to whether the power factor correction circuit is in a
steady state,

wherein the current control signal generation unit prevents
a current flow to the inrush current limiting unit by
determining that the power factor correction circuit is in
the steady state when a value of the smoothed voltage is
equal to or greater than a reference voltage value,

wherein the current control signal generation unit allows a
current flow to the inrush current limiting unit by deter-
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mining the power factor correction circuit is in the tran-
sient state when the value of the smoothed voltage is less
than the reference voltage value.

2. The circuit of claim 1, wherein the current control signal
generation unit generates the current control signal on the
basis of a value of the power-factor-corrected voltage applied
to one end of one capacitor or a plurality of capacitors con-
nected in parallel.

3. The circuit of claim 1, wherein the inrush current limit-
ing unit comprises a silicon controlled rectifier (SCR) and the
rectifying unit comprises an SCR.

4. The circuit of claim 3, wherein the current control signal
generation unit generates a control signal when the power
factor correction circuit is in the steady state to turn off the
SCR in the inrush current limiting unit and turn on the SCR in
the rectifying unit.

5. The circuit of claim 3, wherein the current control signal
generation unit generates a control signal when the power
factor correction circuit is in the transient state to turn on the
SCR in the inrush current limiting unit and turn off the SCR
in the rectifying unit.

6. A power factor correction circuit comprising:

a capacitor for removing an AC noise;

a plurality of bridge diodes;

a power factor correction unit having an input terminal
connected to an output terminal of the plurality of bridge
diodes;

a smoothing capacitor having one end connected to an
output terminal of the power factor correction unit;

a switch having one end to which AC voltage is applied;

a diode having one end connected to the other end of the
switch;

a resistor having one end connected to the other end of the
diode; and

a current control signal generation unit for generating a
current control signal for controlling the rectifying unit
and an inrush current limiting unit;

wherein the current control signal generation unit control-
ling a current flow to the inrush current limiting unit
according to whether the power factor correction circuit
is in a steady state,

wherein the current control signal generation unit prevents
a current flow to the inrush current limiting unit by
determining that the power factor correction circuit is in
the steady state when a value of the smoothed voltage is
equal to or greater than a reference voltage value,

wherein the current control signal generation unit allows a
current flow to the inrush current limiting unit by deter-
mining the power factor correction circuit is in a tran-
sient state when the value of the smoothed voltage is less
than the reference voltage value.

7. The circuit of claim 6, wherein the current control signal
generation unit generates a current control signal on a basis of
avoltage value applied to one end of the smoothing capacitor
connected to an output terminal of the power factor correction
unit.

8. The circuit of claim 7, wherein the current control signal
generation unit determines that the power factor correction
circuit is in the transient state when a voltage value applied to
one end of the smoothing capacitor connected to the output
terminal of the power factor correction unit is less than a
reference voltage value.

9. The circuit of claim 6, wherein the switch and the diode
are SCRs.

10. A method of operating a power factor correction circuit
correcting a power factor of AC voltage, the method compris-
ing:
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determining whether the power factor correction circuit is
in a transient state;

limiting an inrush current generated by the AC voltage
when the power factor correction circuit in the transient
state;

generating a rectified voltage by rectifying the AC voltage
when the power factor correction circuit is in a steady
state;

generating a power-factor-corrected voltage by power-fac-
tor-correcting the rectified voltage; and

generating a smoothed voltage by smoothing the power-
factor-corrected voltage;

controlling whether to limit the inrush current according to
whether the power factor correction circuit is in the
steady state by generating a current control signal,

wherein the determining of whether the power factor cor-
rection circuit is in the transient state comprises deter-
mining that the power factor correction circuit is in the
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steady state when a value of the smoothed voltage is
equal to or greater than a reference voltage value.

11. The method of claim 10, wherein the controlling
whether to limit the inrush current comprises generating the
current control signal on a basis of a value of the power-
factor-corrected voltage applied to one end of one capacitor
or a plurality of capacitors connected in parallel.

12. The method of claim 10, wherein the limiting of the
inrush current comprises using a first SCR and the generating
of the rectified voltage comprises using a second SCR.

13. The method of claim 12, wherein the generating of the
rectified voltage by rectifying the AC voltage comprises:

turning off the first SCR; and

turning on the second SCR.

14. The method of claim 12, wherein the limiting of the
inrush current comprises:

turning on the first SCR; and

turning off the second SCR.
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